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® NMR Imaging wKh paremagnetlo polyvalent metal saKs of polyHaoM-alkylene-emlno)*alkaneB. 



® In a method of imaging body tissue In a patient, comprising administering to the patient an effective amount 
of a pharmaceutical agent for affecting the relaxation times of atoms In body tissues undergoing NMR diagnosis, 
whereby image contrast is enhanced, said agent comprising an amount, effective to affect such relaxation times 
. JL'^"'"^''' '*y«'<*««<»"y compalibie satt of a physiologically compatible chelate complex of an ion of a 
lanthanide element of atomic numbers 57-70. or of a transition metal of atomic numbers 21-29. 42. or 44- and a 
^phamiaceulically acceptable canler. and subjecting the patient to NMR tomography, the improvement ^therein 
-^said salt of said chelate complex is the cakAim or magnesium salt Such setts are new as are some of the 
<Ocomplexing chelates. 
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NMR IMAGINQ WITH PARAMAGNETIC POLYVALENT METAL 8ALT8 OF POLY-(AaD-ALIOrLENE-AMiNO)- 

ALKANES 



The present invention relates to Improvements in th enhancing of nuclear magnetic resonance (NMR) 
imaging of animal tissues, espedalty canilac and liver. 

X-rays have long been used to produce images of animal tissue, e.g. the internal organs of a patient 
the patient be\ng positioned between a source of X-rays and a film sensitive to the rays. Where organs 
5 interfere with the passage of the rays, the film is less exposed and the resulting developed film Is indicative 
of the state of tfie organ. 

More recOTtiy. another Imaging technique has been developed, viz. nuclear magnetic resonance. This 
avoids the harmful effects sometimes attending X-ray exposure. For improved imaging with X-rays» patients 
have been given enhancers prior to Imaging, either orally or parenterally. After a predetermined time 
10 interval for distribution of the enhancer through the patient, the image is taken. To obtain a good in^age it Is 
desirable that the time after the taking of enhancer bo kept to a minimum. On the other hand there is a 
decrease ir) effecUveness with time, so desirably the decay shoukJ be relatively stow so as to provide a 
substantial time Interval during which imaging can be done. The present invention reiates to enhancers fbr 
NMR imaging. . 

15 In ttie NMR imaging process protons in the water of the body relax via two mechanisms refened to as 
Ti and T2. The rate at which the relaxation process occurs may be altered fbr some water molecules bf 
giving values ttiat contrast with ttie norm. 

Chemicals tiiat enhance NMR images, refenred to as contrast agents, are generafly paramagnetic in 
nature. These may be organic free radicals or transition/lanttianMe met^s which have from one to seven 

20 unpaired electrons. 

A necessary prerequisite of any ligand tiiat chelates (binds) a metal to form a contrast agent is that It be 
stable so as to prevent the k)ss of tiie metal and its subsequent accumulation in the t)ody. Other 
considerations include an ablfity to reversibly bind water, which In turn increases Its contrastat)ility and 
decreases tite dose level required. This ability Is clearly important since the interaction between any two 
26 nudear spins through space decreases at a rate equal to the reciprocal of the distance raised to the sixth 
power. 

U.S. Patent 4,647,447 disdoses use of an NI\4R image enhancer consisting of tiie salt of an anion of a 
complexing acid and a paramagnetic metal ion. A preferred embodiment Is tiie gadolinium chelate of 
dietiiylene-triamlne*pentaacetic acid (Qd DTPA). From the data reported tiiereln these appear to perform 
30 well. However, this compound is rapidly excreted by the kklneys. making ttie timing of the injection 
extremely critical. Furttiermore, there is virtually no uptake by any soBd organ, such as tiie heart, pancreas 
or river. 

However, while a numl^er of gadolinium contrast agents are known to work well, there remains the 
possibility ttiat small amounts of free lanUuuildes are being released, by decomposition of ttie agent Into 
35 the body. Not b^ng a naturally existing metal in the body, littie Is known about long tonn effects. 

It is accordingly an otsject of the present invention to provide alternative image enhancers which avoid 
one or more of the aforementioned disadvantages. 

It Is anotfier object of the invention to provide an NMR-image enhancer which does not release 
lanflianteles Into the body. 

40 

SUMI^RY OF THE INVENTION 

These and other objects and advantages are realized in accordance witii one aspect of the present 
46 invention pursuant to which there is provided a calcium or magnesium salt of a paramagnetic, physiotogl- 
caiiy compatible salt of a physiologically compatible chelate complex of an ion of a lantiianide element of 
atomic numbers 57-70. or of a transition metal of atomic numbers 21*28. 42. or 44. 

Advantageously, ttie salt of ttie chelate complex is of the formula I or II 
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X-CHjV yCHj-X (I) 



N-A-N. 
V-CHR / ^ 



^ CHR^-V 
or 

to N(CH2)()3.(II) 

wherein 

X Is -COOY. -PQiHY or -CONHOY: 

Y is a hydrogsn atom, a metal ion equivalent or a physiologicaiiy t)locompalit)le cation of an inorgardc or 
organic base or amino add: 
w Als-CHRrCHiV.-CHrCHr<ZC-h{rCHdm-. 



/- 



■c- , 



2s N(CHX) 2 CH2-CK2-N{CK2Xj ^ 

-CH^-CH-CH^- or -aU-CH^-N-CH^-CH^- 
2 2 4 2 2 2 



30 each Ri {s a hydrogen atom or methyl; 

R2 and Ra together represent a trimethylene group or a tetramethyiene group or individually are hydrogen, 

Ci^-aUcyi, phenyl (mt benzyl, 

W is -NN., -NHCOCH2 or -NHCS-; 

m is the number 1. 2 or 3. 
35 Z is an oxygen atom, a sulfur atom, NCH^, or NChbCHsOFk 

R4 is Ct4-alkyl, 

V Is one of the X groups or Is -CHaOH, or -OONH(CH|)ttX, 
n is a number from 1 to 12: 

if Ri. and Rs are hydrogen atoms, both V*s together are the group 
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CH,X CK.X 
- (CH2)^-N-CH2-CH2-N- (CHj) 



wis a number 1.2 or 3; 

provided that at least two of the substituents Y are metal ion equivalents of an element with an atomic 
number of 21 to 29. 42. 44 or 57 to 83. 
and at least one Is calcium or magnesium. 

Attneratively the calcium or magnesium salt may be a complex of an ion and a llgand. the complexed 
being an ion of a lanthanide element of atomic numbers 57-70, or of a transition metal of atomic numbers 
21-29. 42. or 44; and the llgand being that of a calcium or magnesium salt of an organic complexing agent 
which is acyclic or cyclic and contains organic nitrogen, phosphorus, oxygen or sulfur. In this mbodlment. 
advantageously the complexing agent which fonns a llgand is 

(a) an aminopolycarboxylic acid which is nitrilotriacetic acid. N-hydroxyethyl-N.N'.N'-ethyleneKlia- 
min triacetic add, N.N.N'.N*.N*-diethylenetriamlnepentaac6tic acid or N-hydroxyethylimlnodiacetic acid; 

(b) of the formula 
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wherein Ri and Ra' are identical or dmerent and each is hydrogen or alicyl of 1*4 carbon atonns and p is an 
integer of 0-4; or 

(c) an aminopolycarboxylic acid of the formula 



CHj yCHjCOOH 
HOOCCHj/ CHjCOOH 



wherein 

m is an Integer of 1 \o4^ 
n is an integer of 0 to 2* and 

Rs is C4.i2-alkyir C4.irailcenylr C 4.i2-cycloa!l(yl, C4.ircycloalkenyl, Cr.irhydrocartxMi arall(yl,C8.irhydrocaf^ 
bon allcenyl. C e.i2-hydrocart)on aryl or -CH^OOH. 

Such salts are especially useful in the NMR diagnosis of patients to whom they are administered 
followed by imaging. 

The acid moiety of the chelate is advantageously carboxy and phosphono, sulpho being less advanta- 
geous. The add groups are Joined to the amino nitrogen by an alicyl. i.e. alicyiene, radical of up to 4 carbon 
atoms. Preferably they are acetic add radicals* l.e. di-carboxymethyl-amino radicals, or phosphonic acM 
radicals as in U.S. Patent 3.738.937. 

Preferably there are two amino groups on adjacent carbon atoms and preferably still they are in the 
transconfiguration, ejQ. trans4^.N.I^.N'*tetra-cartxixymethyi-l.2-diaminocydohexar)e. 

If desired, up to two of the carboxylic add groups may be reacted to form an amide, a lower alicyl ester 
and/or an anhydride. 

The polyvalent paramagnetic metal may be any of those heretofbre used in NMR image enhancement. 
e.g. iron, chromium, cobalt nidcei. neodynium, promettiium, samarium, eun)pium, terbium, dysprosium, 
hoimlum, erbium, thorium, ytteitoium and lutetium. Preferably, however, the metal Is iron, manganese, or 
gadofinium. 

The metal containing compiex is made by adding tiie cydic compound to water and adding four noole 
equivalents of an alkali such as sodium hydmxfde or N^etiiyKhglucamine to dissolve the compound. A 1 
molar equivalent of manganese chtortde or gadolinium chtoride Is now introduced into the solution. As a 
result of the chelate formation, tire pH of the solution drops to about 5. When manganese chloride Is used, 
rigorous degassing of ail water used and compound formation under an Inert nitrogen blanket combin to 
prevent the fonnation of oxide products during the course of the reaction. The final pH is adjusted to 
between 5 and 8 and the solution is passed tiirough a 0.2 micron filter for sterilization. 

The osmolarity of tiie resulting solution can be towered to a physiologically acceptable valu by 
removal of the unnecessary but physiologically acceptable sodium chloride by product This can be 
achieved by crystallization, filtering, dialysis or Ion exchange. 

The superiority of ring-based contrast agents over ottier contrast agents which have straight alkane 
chain backbones, e.g. EDTA (ethylene diamine tetraacetic add) or DTPA (diettiylenetriamine pentaacefic 
acid) apparentiy resides in tiie cyclohexane backbone which impacts more rigidity to the molecule and 
stericaily hinders ttie coordination of water Into tiie nitrogen-metal bond position. While EDTA divalent metal 
compounds tend to first break tiie metal nitrogen bonds by water coordination, tiie instant system loses tiie 
oxygen donors first This is reflected in the proton nuclear magnetic resonance spectrum of tii respective 
molecules. For example, tiie manganese salt of trans-N.N.N'.N-tetra-cartdoxymettiyl-l.a-diaminocydohexane 
(DCTA) has a manganese-nitrogen bond which is considerably more stable ttian its EDTA analogue. This Is 
reflected in tiie stability constant (binding abifity) towards manganese which is several tiiousand times better 



tor DQTA than the EDTA ctialata. Even ttiougti U Mity constant ot U nove) oadollnlum mt\^ \i 

approximately the same as the stability constant of Qd DTPA. It Is Important to note that the novel complex 
Is a tetraaddfc ligand while DTPA is pentaacidlc. Consequently, inner sphere water coordination is greater 

and the conrespondlng relaxation values are considerably better. This improvement allows a decrease in 
5 dosage and hence a decreased possible toxicity through degradation and release of free gadolinium. 

The addition of caldum or magnesium to the complexes reduces their toxicity. The calcium or 
magnesium should be present in about 0.1 to 200% and preferably about 10 to 100% based on the moles 
Of paramagnetic polyvalent metal. It can be an inorganic salt such as the chloride or sulfate, but organic 
salts, e.g. the gluconate, lactate, ascorbate, etc, are prefen^d. 
70 A calcium or magnesium salt can simply be added to the complex in solution and so administered or 
the solution can be dried and the dry material later re-dissolved. 

The addition of the calcium or magnesium to the chelate salt surprisingly serves to increase the safety, 
l.e. to raise the LDbo based on the amount of paramagnetic polyvalent metal persent 

For example, the MnEDTP chelate without calcium has an LOgo of 200 umoMcg. a toxic level. Th LObd 
18 of the same complex into which 40 mol % of calcium has been incorporated, via caldum gluconate. Is In 
excess of 850 umol/kg. a relatively safe level for human use. 

In accordance with another aspect of the Invention the acid group is a phosphono moiety. This a^)ect is 
applicable even to compounds which are not cyclic, e.g. linear alicytene potyamines su^ as poty*nitrogen* 
substituted phosphono-allcyi alkylenepolyamlnes. and to compositions not containing a calcium or magne- 
to slum salt 

As the poiy-phosphono all<yiated alkylene polyamlne there are preferably employed compounds 
wherein the alkyi and allcylene radicals each contain up to four carbon atoms. The alicytene-poiyamlne could 
be diethylenetriamine, for example, but ethyienediamlne is prefen'ed. Advantageously the phosf^iono 
groups are joined to the nitrogen atoms through a methyl group. i.e. actually a methylene group. Each 
25 phosphono group has two add moieties so in a compound having four nitrogen atoms there are eight add 
moieties available for comptexing. 

if desired, up to half of those add moieties can be bound as salts witti non-paramagnetic cations, e.g.. 
allcali metal, alkaline earth metal or ammonium salts, or tiiey may be combined as lower alkyI ettiers, 
amides and/or anhydrides. The caldum added as ttie calcium salt has a benefidal effect even beyond ttiat 
30 realized If ttie add moieties of ttie poly-phosphono alkylated alkylene polyamine are already partially In 
caldum salt form, for example. 

One preferred complexing or chelating agent of tiiis type is N.N,N',N'-totraphosphono-mettiyl- 
ettiylenediamine (EOTP) of ttie structural formula 
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which Is commercially available in Uie fomn of its sodium salt and free add. 

While lanttianides and particularly gadolinium are highly paramagnetic and useful in accordance wtth 
50 ttie invention, it is surprising that ottier less paramagnetic metals perform well. e.g., iron, manganese, 

copper, cobalt, chromium and nickel. 

The complex can be prepared by dissolving a salt of EDTP in water or ottier solvent and adding a salt 

Of the desired metal. e.g., managanese chloride, in from about half to twice ttie stoichiometric amount 

Additional salts, such as cateium chloride, can be added to tie up additional binding sites In ttie compound. 
55 Tfie solution can then be dialyzod or ion exchanged to remove chtoride Ions or an alkali such as NaOH can 

be aded to neutralize the chloride ions, tiie by-product NaCI being removed or left in solution since it is 

physiotogically acceptable. 
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IDs Mn-EOTP eompldy disiributes subMally to ito fMng drfims; IWer M ki^dys. spl^n. 

pancreas, bladder, stomach, small and large Intestines. 

As noted, manganese the preferred metal, but other polyvalent paramagnetic metals may be used, 
e^g.. Iron, chromium, cobalt nickel, copper, and the like. TTie preferred lanthanide is gadolinium, but other 
s such as lanthanum; cerium, praseodymium, neodymlum, promethlum, samarium, europium. tBrt)ium, dye* 
prosium. hobnium. erbium, ttiylium. ytterbium and lutetium may also be used. 

This Invention may be used in conjunction with any magnetic resonance machine currently availakrie 
and is compatible with any of the current known imaging techniques. e.g. a machine such as that of 
Siemens AO of Erianger. Federal Republic of Qermany. 
fo Further details of imaging systems are described in the prior art, e.g. "NMR A Primer for Mecfical 
Imaging* by Wolf and Popp Slack Book Division (ISBN 0>843432-19-7) and SctentWc American, May 1982, 
pages 7848. 

The solution of complex may be sterilized and made up into ampules or may be lyophillzed Into a 
powder for dissolution when ready to be used. The solution may b9 mixed with conventional additives such 
75 ae saline solution, albumin, buffers and the like. If desired, ampules may be made up containing lyophiHzed 
powder of the complex In one compartment and a solution of additives in another separated fnxn the first 
by a frangible barrier. When ready to use. the barrier is broken and tiie ampule shaken to form a soluticm 
suitable for use. 

Immediately prior to actual administration of the contrast agent, the reconstituted solution Is further 
2ff cfihitedby addition of a suitable diluent such ar. 

Ringer's Injection. USP 

Sodium Chtoride Injection. USP 

Dextrose Injection. USP 

(5 percent Dextrose In sterile water) 
25 Dextrose Sodium Chloride Injection. USP 

(5 percent Dextrose in Sodium Chtoride) 

Lactated Ringer's Injection. USP 

Protein Hydrolysate Injection 

Low Sodium, USP 5 percent 
30 S percent with Dextrose 5 percent 

5 percent witti Invert Sugar 10 percent 

Water for Injection. USP 

The manner and dosage of administration and the manner of scanning are substantially the same as In 
the prior art Wifli solutions containing about 50 to 500 mmoles of the complex per liter, sufficient solution 
3S should be admlnistersd orally or parenteraily to provide about 1 to 100 umols/kg. corresponding to about 1 
to 20 mmoF for an adult human patient 

For smaller patients or animals, the dosage shouki be varied accordingly. The particular complex and 
organ to be imaged will determine the waiting period t)etween administration and imaging, 

tt will generally be at least about 15 minutes but less, ttian about an hour. During the first few hours the 
40 complex Is execrated by tiie IWer into tiie bile. 

The invention will be further described In the folk>wing illustrative examples wherein all parts are by 
weight unless ottienvise expressed. 



46 Example 1 

Synthesis of DCTP (trans-1.2-dlaminocyck)hexane-N.N.N.N*tetramettiyl6neph08phonic ackl hydrate). 

28.5 g (0.25 mole) of tran8-1.2-diaminocyclohexane and 82 g (1 mole) of phosphorous acid are 
50 dissolved in 140 ml of concentrated hydrochloric add. The solution Is heated to reflux (IIO'^C) and 162 g 
(2.1 moles) of formalin (40% aqueous solution of formaldehyde) are added over tiie course of 90 minutes. 
The temperature drops to 94<'C and tiie reaction is maintained at this temperaturo for 5 hours and then 
allowed to cool to 25''C overnight. Crystallization is initiated via scratching ttie walls of tiie flask. After 
standing overnight tiie precipitated product is isolated via filtration and washed witfi ac tone (3 x 100 ml). 
55 Th DCTP is recrystallized from a minimum of water. Isolated by filtration, washed witii acetone and air- 
dried. 64 g (52% yieki) of pure product are obtained. 
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The melting point is 228-232'C (decomposition) with slight darl(ening (observed above 220'a 

The posittve ions mass spectrum shows a parent ion at 481 mass units (theoretical: 481). Bemental 
analysis for DCTP H20 (CloHTBNaOtsPi); Calculated: C. 23.63; H, SJSS; N, 5.51; P, 24.3a Found: C. 23.87; H, 
5.41: N, 5.48: P. 24.48. Water. 3.71% by KarhFischer titration. 

Spectrophotometric complexatfon analytis of DCTP wHh standardized copper chloride yields percem- 
ages of 100.1. 100.6 and 1012 (average 100.6) assuming a molecuiar weight of OCTPeHsO of 508.22. 



Nudear Magnetic Resonacen Spectra of DCTP 

Tha proton (400.13 MHz), cart)on (100.61 MHz) and phosphorous (161.64 Hl\^) NMR spectra of trana- 
1.2-dlamlnocyciohexane-N,N.N,M-tetramethylenephosphonlc acid in dimethyl suifQxide*d6 do not provide 
structural and pealc assignments through standard NMR techniques. Because of ttie tnmber of overtapping 
peaks. 2«dimensional 1H-13C chemical shift congelation NMR techniques are required to n\ak» unequivocal 
pealc assignments. The 20 NMR results and analysis of a molecuiar model indicate an axis of symmetry 
creating two sets of non*equivalent phosphorous atoms and diastereotopic protons on the mettiyiene 
cartxms adjacent to the phosphorous atoms. The four metiiylene units create two sets of chemicdly iron- 
equivalent nuclei. The NMR peal( assignments are as follows: 13C (ppm relative to TM8): 63.2 (singlet 
mettilne of cyclohexyl), 50.72 (doublet Jcp* 145.7 Hz, mettiylene set A of phosphonate). 47.10 (doul>iet; 
Jcp» 140.4 Hz, methylene set B of phosphonate), 23.8 (singlet, beta-methyiene of cydohexyO. 22.8 (singlet 
gamma-mettiylene of cydohexyO. 1H (ppm relative to TM8): 8.28 (P-OH), 3.55 (methine of cyclohexyl), 
3.50. 3.31. 3.27. 2.88 (methylene of phosphonate). 1.72. 1.16 (beta-metfiylene of cydohwyl). 2.10, 1.28 
(gamma-metitylene of cyclohexyl). 31P (ppm relative to H3P04): -18.2. -18.8 

The NMR results indicate that ttie DCTP llgand is relatively rigid on ttie NMR time-scale; in tact no 
interconversion is observed up to 60'C. This Is In contrast to DCTA. tiie acetic acid analogue, wfrich is, 
rapMly interconverting on the NMR time-scale at 25*'C. 



Example 2 

Fonnation of Caldum Salt of Manganese Complex of DCTA and DCTP 

a) To 60 ml of degassed water, 1.6 g (0.04 mole) of sodium hydroxide is added. After ttie alkali is 
dissolved. 3.6436 g (0.01 mole) of t«ns-N.N,NMvr-tetracarboxymetiiyM.2 diamlnocyclohexane nrwnohydrate 
(Aldrfch Chemical Co., Milwauicee. Wl) Is added to ttte stining solution. 1.878 g (0.01 mole) of manganese 
chloride tetrahydrate is dissoWed in 10 mi of degassed water and is added dropwise to ttie previous 
solution. After 30 minutes of stinring. 0.1 mole equivalent of caldum chloride is added to ttie mixtur . The 
pH of the solution Is adjusted to 6.5, and water added to bring tt\e final volume to 100 ml. resulting in a final 
concentration of 100 mM. The dear or faint yellow solution is filtered ttinjugh a 0.2 micron fitter for 
sterilization. 

b) The caldum salt of tfie manganese complex of trans-1,2-dlamlno-cyclohexane-N.N,N',N'- 
tetrametttyiene phosphonic add (DCTP) Is prepared from tiie product of Example 1 in a manner analogous 
to (a). 

c) Relaxltivities of protons present in water and plasma exposed to tiie complexes of (a) and (b) (at 
10 mHz) (37*0) in milliseconds: 
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Table 1 



s xclar Concentration 
(moles/liter) 



10 



16 



so 



1x10 
2x10 
2.5x10 



-2 
-3 



-3 



1.25x10 
5.25x10 
3.12x10 



56x10 



-3 
-4 
-4 
-4 
.-5 



,80x10 

d) LDgd values fbr 40 mice with the complex of (a): 

Table 2 



^1 

Water 


1 
Water 


h 

Plasma 


Plasma 




(a) 


ID} 


Ia\ (bl 


la) 




fa) 


I w 1 


32 


16 


5 5 ft 


25 


15 




1 0 
X u 


55 


28 


43 20 


39 


34 


33.3 


27 


95 


54 


69 36 


74 


51 


16.9 


45 


171 


88 


126 69 


121 


91 


9.7 


74 


322 


172 




223 


142 






599 


310 




336 


212 


• 




971 


555 




513 


269 






1390 


987 




765 


372 









Dcse (ncncle/kq) 


Sex 


Fatalities 


Survivors 




1.5 


Male 


0 


5 


90 


1.5 


Female 


0 


5 




2.5 


Male 


1 


4 




2.5 


Female 


0 


5 


35 


4.5 


Male 


2 


3 




4.5 


Female 


3 


2 




5.5 


Male 


4 


1 




5.5 


Female 


3 


2 
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The UDto for (a) was determined to be 4^ mmol/kg with a 95% confidence range between 4.1 and 5^ 
mmol/lq. The LOsd for (b) is much lower at 02 mmot/kg. 

e) Organ distribution of (a) and (b) In male rat)bit8: The rabbits were sacrificed at 68 minutes post 
iniection for (a) and 15 minutes post*lnJection for (b) and the proton relaxation values measured in 
milliseconds, in virtro at 10 mHz, fbr each of the various organs. 
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Table 3 





Normal 


values 


(a) 




(o) 




Tissue 






m 






ffft 




h 


h 




h 


h 


-2 


3rai.n 




NA 


637 


82 


537 


85 


ft i y 


504 


70 


367 


518 


191 


40 


Lung 


595 


112 


472 


71 


323 


84 




171 


154 


176 


113 


157 


95 


Skeletal Kusc 


423 


47 


539 


62 


395 


34 


Renal Cortex 


338 


.85 


123 


42 


109 


51 


Renal Medulla 


672 


149 


232 


71 


103 


47 


1 iver 


252 


G4 


182/137 


28/37 


82/66 


27/24 


r i.nrreas 


464 


86 


201 


49 


NA' 


NA 




349 


69 


226 


52 


199 


42 


i:::ill Ir.tesu 


352 


79 


115 


46 


269 


60 


Large Intect 


349 


77 


219 


44 


248 


58 


Testis 


NA 


HA 


623 


123 


294 


79 


Urine 


NA 


NA 


17 


11 


NA 


NA 



KA = Not Available 



B<ample 3 

Formalion of Calcium Sait of Gadolinium Compiex of DCTA and DCTP 

a) 18218 g (0.05 mole) of trans-N.N.N'.N'-tetracartu^xymethyhl.a diaminocyclohexane is added to 
too ml of water and 8 g (0^ mole) of sodium hydroxide is added. 18.585 g (0.05 mole) of gadolinium 
chloride is then added slowly while stirring. The solution is then stirred fbr an additional 30 minutes. A OA 
molar equivaient of calcium chloride is added at this point and the pH of the solution adjusted to 8.5. The 
volume of the solution is brought to 200 ml resulting in a final concentration of 250 mM. The solution is 
sterilized by passing through a 0.2 micron filter. 

b) The calcium salt of the gadolinium complex of trans-l^-diamlno-cyciohexane-N.N.N'.N'- 
letramethylene phosphonic acid is prepared from the product of Example 1 in a manner analogous to (a). 

c) Relaxivities of protons present in water and plasma exposed to (a) and (b) at 10 mHz (37 C) in 
milliseconds: 
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Table 4 



s Molar Concentration 
(moles/liter) 



TO 



1$ 



20 



as 



IxIC 
5x10 
.5x10 
.25x10 



-2 



-J 



6.25x10 
3.12x10 
1.56x10 
7.80x10 



-< 
-4 
-4 
-5 



^1 










2l 


—2 
Plasma 


Water 


Water 


Plasma 


(a) 


(b) 


(a) 


(b) 


(a) 


(b) 


(a) (b) 


22 


15 


14 


8 


25 


14 


20 7 


29 


25 


25 


17 


39 


20 


30 16 


55 


49 


47 


35 


74 


36 


59 26 


104 


70 


89 


65 


121 


60 


103 42 


183 


126 


161 


114 


223 


95 




367 


257 






336 


149 




562 


468 






513 


263 




983 


762 






765 


447 





d) For comparison purposes and to highyght the superior perfomnance of the invention* there follows 
a table of relaxation values for water and plasma using the N-methyl glucamlne salt of Qd OTPA: 

Table 5 



30 



Molar Concentratica 



Water 



Plasma 





moles/liter 














ll 














h 






as 














6.25 X 10-3 


40 


35 


39 


31 




3.13 X 10-3 


83 


76 


69 


61 




l-St X 10-3 


163 


155 


134 


116 


40 


7.£1 X 10-4 


309 




240 






3.91 X 10-4 


582 




405 






•..95 X 10-4 


1015 




636 




4S 


5.77 X iC-5 






877 





It Is noted that the relaxation times in Table 1 with the novel manganese complexes are approximately 
the same as the gadolinium salts In Table 5, even though Table 1 employs a metal with two less unpaired 
electrons and which is naturally occurring in the body. The gadolinium salts of this invention in Table 4 are 
^ still superior. 



55 



10 



10 



75 



80 



Preparation of 100 mM manganese EDTP Complex containing 40 mM calcium. 

(1) To 300 ml of water containing 0,2 mol of sodium hydroxide, 21.81 g (0.05 mol) of N.N.N'.N'- 
tetraphosphono-methylene^ylenedlamlne (refenred to as EDTP) is added. The mixture is stirred with a 
magnetic stinrer until a clear solution is obtained. The pH of the resulting solution is approximately 5.8. 

(2) 8.90 g (0.05 mol) of manganese chloride tetrahydrate is dissolved in approximately 15 ml of water 
and added to the stining mixture. A precipitate is developed which dissolves on further stirring. 

(3) 10 ml of S M solution of sodium hydroxide is added to the stirring mixture to bring the pH to 5.a 

(4) 2.94 g (0.02 mol) of calcium chloride is added to the mixture. A precipitate that develops 
dissolves after about 15 minutes of stining, and the pH drops to 5.6. 

(5) The pH Is brought back to 5.8 with a solution of 5 M sodium hydroxide. 

(6) The solution is then brought to a final volume of 500 ml resulting In a concentration of 100 mM fbr 
the Mn-EDTP complex and 40 mM for calcium. 

(7) The solution Is now filtered through 02 um filters and stored in vials with butyl rubber stoppers. 
The solution is then added to water and to human plasma in varying amounts and the relaxMties 

measured in conventional manner for comparison with those for the gadolinium complex of the 2*N- 
methylglucamine salt of diethytene-triaminepenta-acetic acid shown In Table 5, supra. 

The following results are obtained, low values for both Ti (transverse relaxation mechanism) and Ta * 
(longitudinal relaxation mechanism) being pref^nred: 



25 



Table 6 

Relaxivity of the compound In water and In human plasma In milliseconds at 10 MHz (37"C). 



so 



35 



CC 



40 



45 



ccr.traziop. 
clar 



VN'ater 



Plasma 



IxlC 

r 



•2 



50 



15x 



5Cy. 

Six 
?lx 



li 


h 


!i 


h 


31 


19 


18 


13 


41 


37 


31 


24 


63 


74 


50 


38 


155 


123 


85 


61 


25 e 




112 


87 






ICO 


116 






253 


160 






353 








478 








585 








653 


( 






797 
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The relaxivity of the Mn-EDTP-Ca is cleariy superior to Qd DTPA. This is especially evident In the Ti 
values In plasma For example, at a concentration of 9.77x10"* M, the value tor Mn-EDTP-Ca complex is 
653 milliseconds: for QdDTPA at a 10-fold higher concentration 9.77x10-* M) it Is 877 msec, i.e., still higher. 
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Example S. 

Pharmacokinetics of th compound of Exampe 4 in a pure breed b agie dog. 

Male dog$ are injected the solution of Bcample 4 and the comparison compound at 350 umol/kg. 
Blood is drawn at the indicated times. The plasmas are separated and the Ti refaxivitles in mllliseoonds 
measured. 



^atle 7 



Tine Tj^ 
min, Mn-EDTP-Ca Gd DTPA 



fS 



Pre~inj 


1102 


1427 


10 


90 


440 


20 


108 


444 


30 


113 


551 


45 


153 


580 


60 


222 


687 


90 


404 


860 


180 


777 


1282 


3CG 


968 





Plasma clearance of Qd DTPA Is much faster than the Mn-EDTP-Ca Complex. By 180 minutes |MSt> 
injection^ most of the Qd DTPA Is cleared from the plasma. Mn-EDTP-Ca is not cleared until 360 minutes 
post-Injection. Tliis gives Mn«EDTP^a a larger time "window* for imaging. 



® Example 6. 

Organ distribution of the compound of Example 4 in male rabbits. 

The compound is injected into male rabbits at 50 umol/kg. The rabbits are sacrificed at 15 minutes post 
^ injection and the Ti reiaxivlty of internal organs measured in vjtro at 5 MHz (milliseconds). The residts are 
as follows: 



Table 8 



90 



55 



Organ 



Heart 

Lung 

Fat 

Skeletal Muscle 

Renal Coster 

Renal Medulla 

Liver 

Spleen 

Pancreas 

Bladder 

Sccrr.ach 

Small Intestine 
Large Intestine 



T, 


T, 


Mn-EDTP-Ca 


normal 


240 


482 


413 


585 


161 


180 


260 


411 


101 


342 


77 


782 


43 


260 


200 


473 


146 


265 


199 


• 511 


130 


305 


155 


317 


133 


328 



organs 



12 



w weeio 



9y eemiftdnson according b AmerJ.lWtol. 143. 1226. the distribution of Qd OTPA In man at 30 
minutes post^njsction in milllssconds is: 



Table 9 



Organ 


Pre 


Post 








Fat 


220 


185 


Muscle 


460 


335 


Liver 


350 


195 


Spleen 


560 


285 


Kidneys 


820 


205 



16 

The organ distribution pattern of Mn-EDTP-Ca is substantially different from Qd-DTPA. It enters the 
hepatobiliary system resulting In a substantial decrease In Ti values of the liver, spleen, pancreas, and 
small and large Intestines. Qd D7PA, being a vascular agent, is mainly cleared by the kidneys and does not 
substantially Interact with the hepatobiliary system. Mn-EDTP-Ca also distributes to the heart EKQ studies 
20 indicate that it does not disturb the function of the heart 



Example 7. 

25 To 10 ml of water containing 5 ml of 1 N sodium hydroxide is added 2.0 g (5 mmoles) of 1.4,7.70- 
tetraazacyclododecane - N.N'.N*.hr-tetraacetic add. 1^ g (5 mmoles) of QdCh Is added and the suspension 
heated to 50«C for 2 hours. Calcium chloride (1 mmole) is added and the pH of the solution adjusted with 1 
N sodium hydroxide to 6.5. The clear solution is filtered through a 0.2 micron filter for sterilization. 

30 

Example 8. 

To 100 ml of water containing 10 g (100 mmoles) of M-methylglucamlne is added 19.7 g (50 mmoles) 
of diethylene-triamine-N,IM'.N'.N--pentaacetic acid. 13 g (50 mmoles) of QdCb is added and the slurry 
35 stirred for 1 hour at room temperature. Calcium ascoribate g, 10 mmoles) is added and the pH adjusted 
to 6.5 with 1 N sodium hydroxide. The clear 500 mM solution is filtered through a 0.2 micron filter for 
sterilization prior to use. 

It will be understood that the specification and examples are illustrative but not limitath/e of the present 
invention and that other embodiments within the spirit and scope of the invention wilt suggest themselves to 
^ those sldlled in the art. 



Claims 

45 1. Use Of a paramagnetic, physiologicany compatible salt of a physiologically compatible chelate 
complex of an ion of a lanthanlde element off atomic numbers 57-70. or of a transition metal of atomic 
numbers 21-29. 42, or 44, and of a pharmaceutically acceptable canler. In a method of imaging body tissue 
in a patient, comprising administering to the patient an effective amount of a pharmaceutical agent for 
affecting the relaxation times of atoms in body tissues undergoing NMR diagnose, whereby image contrast 

50 is enhanced, said agent comprising an amount, effective to affect such relaxation times, and subjecting the 
patient to NMR tomography, the improvement being that said salt of said chelate complex is the calcium or 
magnesium salt. 

2. Use according to Claim 1 . In which the salt of the chelate complex is of the formula I or 11 

55 
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x-CH^y ycn^-x (I) 



V-CHRj^^ CHR^'V 



or N(CH2X)j. (II) 



ro 



X is -COOY. -PO3HY or -CONHOY; 

Y Is a hydrogen atom, a metal ion equivaient or a phytiologically biocompatible cation of an inorganic or 

organic base or amfro add; 

A is -CHRrCHRr. -CHrCHr(Z(>HrCH^. 



rs 



A 



20 



N (CHX) 2 CH2-CH2-N (CHjXj 2 



25 -CH2-CH-CH2-' or -CH2-CH2-N-CH2-CH2- 



each Ri Is a hydrogen atom or methyl; 

Rz and Ra together represent a trimethylene group or a tatramethylene group or Individually are hydrogen, 
30 CT4*alkyl, phenyl or benzyl. 

W Is -NHCOCHa or -NHCS-: 
m is the number 1. 2 or 3, 

Z Is an oxygen atom^ a sulfur atom. NCH2X, or NCHaCH20R4. 
Ra Is Ci4*an(yt, 

^ VisorieoftheXgroupsoris-CH20H,or-CONH(CH^ 
n is a number from 1 to 12; 

If Ri, R2 and Rs are hydrogen atoms, both Vs together are the group 



- (CHj )^-N-CH2-CH2-N-(CH2)^-/ 



w ts a number 1. 2 or 3; 

provided that at least two of the substituents Y are metal Ion equivalents of an element with an atomic 
number of 21 to 29, 42, 44 or 57 to 83, 
and at least one is calcium or magnesium. 

3. Use of a parmagnetic, phy^ologically compatible salt of a complex of an Ion and a llgand, and of a 
pharmaceutically acceptabte carrier in a method of imaging t)ody tissue in a patient, comprising administer* 
Ing to the patient an effective amount of a pharmaceutical agent for affecting the relaxation times of atoms 
in body tissues undergoing NMR diagnosis, whereby image contrast Is enhanced, said agent comprising an 
amount effective to affect such relaxation times, and subjecting the patient to NMR tomography, the 
improvement being that the complexed ion is an ion of a lanthanide element of atomic numbers 57-70. or of 
a transition metal of atomic numbers 21-29, 42. or 44; and that th llgand is that of a calcium or magnesium 
salt of an organic complexing agent which Is acyclic or cyclic and contains organic nitrogen, phosphorus, 
oxygen or sulfur. 

4. Use according to claim 3. wherein the complexing agent which fonns the ligand is 
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(a) an aminopoiycarboxyllc add which is nitrllotiiacotlc add. N-hydroxyethyhN.N'K- 
ethylenediaminetriacetic add. N.N.N'.rr.ir-diathylenetriamlnepentaacatic add or N-hydrox- 
yethyliminddiacaUc acid; 

(b) of the formula 

/N-HjC— j-BjC-N-CHj '^''2"''\ 

Wherein R, and R,' are identical or different and each is hydrogen or aikyi of 1-4 caitxm atoms and d is an 
integer of 0-4; or 

(c) an aminopolycarboxylic acid of the formula 



HOOCCH 2 ^ ^CH 2COOH 



25 wherein 

m I9 an integer of 1 to 4, 
n is an integer of 0 to 2. and 

Rs Is C4.iralkyl. C4.iralkenyl. C 4.12-cycloalkyl. C4.ia-cyctoalkenyl. Cy.ia-hydrocartwn aralkyl, CA.,2-hydrocar^ 
bon allcenyl, C e.i2-hydrocartK)n aryl or -CH2COOH. 
30 5. Use according to claim 3. wherein the organic complexing agent is a poly-iiitrogen-substitutBd 
phosphono-ail(yf alkylenepolyamine. 

6. Use according to claim 3. wherein the organic complexing agent Is a poly-nitrogen-substltuted 
phosphono-methyl-ethylenedlamine, 

7. Use according to daim 3, wherein the organic complexing agent is a N,N,rr,l^- 
ss tetraphosphonomethyl^thyteneidamine. 

8. Use according to claim 3, wherein the paramagnetic saH is the caldum-or magnesium-salt of th 
manganese complex of diamine cydohexane tetraacetic add. 

9. Use according to daim 3, wherein the paramagnetic salt Is the caldum-or magneslunvsalt of the 
manganese complex of dlamino cyctohexane tetramethylenephosphonic add. 

40 10. Use according to claim 3, wherein the paramagnetic salt is the calcium-or magnesium-salt of the 
manganese complex of N.N.N'.N'-tetraphosphono-methylene-ethylenedlamine. 

11. Use according to claim 3, wherein the paramagnetic salt is the caldum-or magnesium-salt of the 
gadolinium complex of diethylentriamlne pentaacetic acid. 

12. Use according to claim 3. wherein the paramagnetic salt is the caldum-or magnesium-salt of the 
45 gadolinium complex 1 .4,7.lO-tetraazacydododecane-N.N',ir. N*-t6traacatic acid. 

13. Use according to daim 3, wherein the paramagnetic salt Is the caicium-or magnesium-salt of the 
iron complex of ethylenedlamina di-{ortho-hydroxyphenyl)-di-acetlc acid. 

14. Use acconllng to daim 3, wherein the paramagnetic salt is the calcium-or magnesium-satt of the 
Iron complex of ethylenedlamine di-hydroxyt^enzyl di-acetic add. 

15. Use of a paramagnetic, physiologically compatible salt of a complex of an ion and a ligand and of a 
pharmaceutically acceptable carrier in a method of imaging body tissue in a patient, comprising administer- 
ing to the patient an effective amount of phannaceutical agent for affecting the relaxation times of atoms in 
body tissues undergoing NMR diagnosis, whereby Image contrast is enhanced, said agent comprising an 
amount, effective to affect such relaxation tim s. and subjecting the patient to NI^R tomography, the 
improvem nt being that the complexed ion is an ion of a lanthanide element of atomic numbers 57-70 or of 
a transition metal of atomic numbers 21-29. 42 or 44: and that the ligand is of a poly-nitrogen-substituted 
phosphono-alkyi alkylenepolyamine. 
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Id. A salt of an ion of a lanthanidd element of aiDmic numbere 57*70. of a taisRion metal of atomic 
nisnbers 21*29. 42, or 44; and the ligand being that of a caldum or magnesium aalt of an organic 
oomplaxing agent which ie acydic or cyclic and contains organic nitrogen, phosphome. oxygen or euffur 
and of a poly-nttrogen-subafftuted phosphono-alkyi aOcylenepolyamlne. 
a 17. A caidum or magne^um salt of a paramagnetic, physlologlcaify compatible salt of a physiologicany 
compatible chelate complex of an ion of a lanthanlde element of atomic numbers 57-70, or of a transition 
metai of atomic numbers 21-29. 42. or 44. 

ia A salt according to daim l7.tnwhichtf»saltof the chelate complex is of the fbmiula I or II 

fo X-CH.v yCH.-X (I) 



30 



V-CHR, ^ CUR, -V 



fs 

or 



ao NCCHjXlj, (II) 

wherein 

X Is -COOY, -PQsHY or -CONHOY; 
25 Y is a hydrogen atom, a metal Ion equivaient or a physiologically biocompatible cation or an inorganic or 
organic base or amino add; 
A is -CHRrCHFIr. -CHrChlr(ZC-HrCHO 



A 



c - c - 



R, R, 



N (CHX) 2 CH^-CHj-N (CHjXj ^ 

-CH.-CH-CH^- or -aU-CH^"N-CH^-CH^- 



each Ri is a hydrogen atom or methyl; 

Ri and Rs together represent a trimethylene group or a tetramethylene group or individually are hydrogen, 
Ci^alkyi, phenyl or benzyl. 
^ Wi8-NN-,-NHC0CH2 0r-NHCS-; 
m is the number 1, 2 or 3, 

z Is an oxygen atom, a sulfur atom. NGH2X, or NCH2GH20FU. 
R4 is Ci4*an(yl. 

V is one of the X groups or is -Ci^H. or -CONHCCHaOnX. 
^ n Is a number from 1 to 12; 

If Ri, R2 and Rs are hydrogen atoms, both Vs together are the group 

CH-.X CH^X 
55 , z , z 
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wis a number 1,2 or 3; 

provided that at least tm> of the substHuents Y are metal ion equivalenta of an element wHh an atomic 
(Uimter of 21 to 29. 42. 44 or 57 io 83, 
and at least one la calcium or magnesium. 

19. A paramagnetic, physiologically compatible salt of a complex of an Ion and a ligand; the complexed 
Ion being an ion of a lanthanlde element of atomic numbers 57-70, or of a transition metal of atomic 
numbers 21-20, 42, or 44; and the ligand being that of a caldum or msgnesium salt of an organic 
complexing agent which Is acyclic or cydlc and contains organic nitrogen, phosphorus, oxygen or suHur. 

20. A salt according to claim 19. wherein the complexing agent which forms the ligand Is 

(a) an aminopolycarboxyiic add which la nItriloMaceilc add. N-hydmxyethyl-N.M'.N'- 
ethylenedlamlnetriacetic add, N,N,fir,N',hr-dlethylanetrlamlnepentaacetlc add or M-hydrox- 
yethylimlnodiacetic acid; 

(b) ofthefonnula 



wherein Ri and Ri' are Identical or different and each is hydrogen or alkyi of 1-4 carbon atoms and p is an 
Integer of 0-4; or 

(c) an aminopolycarboxyiic add of the formula 



m is an integer of 1 to 4, 
n Is an Integer of 0 to 2, and 

Hs Is C4.tralkyl, C4-iralkenyl, C4.i2-cydoall<yl, C4.ircycloan<enyi, Cr.irhydrocarbon arallcyt. Cs.irhydrocar* 
bon alkenyl, Ce-u -hydrocarbon aryl or -CH2COOH. 

21 . A salt according to claim 1 9. wherein the paramagnetk: salt is the catetum-or magneslum-sait of the 
manganese complex of diamine cyclohexane tetraacetic add. 

22. A saR according to dalm 19. wherein the paramagnetic salt Is the caldum-or magneslum-satt of the 
manganese complex of diamine cyclohexane tetramethylenephosphonic add. 

23. A salt according to dalm 19. wherein the paramagnetic salt Is the cateium-or magnesium-salt of the 
magneses complex of N.N.N'.N'-totraphosphono-methyieneethylenediamine. 

24. A salt according to claim 19, wherein the paramagnetic salt is the caldum-or magnesium-salt of the 
gadolinium contplex of diethylenetriamine pentaacetic add. 

25. A salt according to claim 19, wherein the paramagnetic salt Is the cateiunHX' magnesium-salt of the 
gadoBnium complex l.4,7,lO-tetrBazacyclododecane-N,N',N', ir-tetraacetlc add. 

28, A salt according to claim 19, wherein the paramagnetic salt is the caldum-or magnesium-salt of the 
Iron complex of ethylenediamlne dHortho-hydroxyphenyl)-di-acette add. 

27. A salt according to claim 19. wherein the paramagnetic salt is the caldum-or magnesium-salt of the 
iron complex of ethylenediamine di-hydroxybenzyl dl-acetic acid. 

28. An NMR image-enhandng composition comprising an NMR image-enhandng effecth^ amount of a 
saK according to claim 17 and a pharmaceutically acceptable diluent 

29. An NMR image-enhandng compositton comprising an NMR image^nhandng effecttve amount of a 
salt according to dalm 19 and a phamiaceutically acceptable diluent 



ao 
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